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Some cases  a r e  i n d i c a t e d  when sudden ionosphe r i c  d i s tu rban-  

ces (SID) are observed at t h e  moments s o l a r  f l a r e s  are ahsent  on t h e  

Sun's d i sk . -  E ighteen  such cases  were observed du r ing  1959. 

It is  shown t h a t  t h e  observed SID were due t o  f lares  occur- 

r i n g  behind t h e  limb of the solar d i s k .  

Recordings of the  i n t e g r a l  i n t e n s i t y  of atmospherics  i n  t h e  

long-wave band were used 86 i n d i c a t o r s  of  t h e  S I D ,  

* 
* * 

The sudden ionosphe r i c  d i s t u r b a n c e s  (SID), condi t ioned  by 

X-ray emission of solar f l a r e s ,  t ake  p l a c e  p r a c t i c a l l y  s imul taneous ly  

wi th  t h e  developEent of f l a r e s  i n  t h e  EI, line. - SID a r e  cha rac t e r -  

i z e d  by e l e c t r o n  concent ra t ion  i n c r e a s e  i n  t h e  lower ionosphere and 

are r e z i s t e r e d  i n  t he  form of sudden anomalies i n  radiowave propaga- 

t i o n .  

It has  been eEtabLished i n  [l- 33 on t h e  b a s i s  of observa- 

t i o n s ,  t h a t  all t he  f l a r e s  are n o t  n e c e s s a r i l y  a t t ended  by e f f e c t s  

- * G e n t g e n o v s k i y e  i z luchen iya  I ,  vspyshek voenikayushchikh za limbom - 
6 oine chnogo disk+  \ 
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2. 

i n  t h e  ionosphere ;  t h e  e f f e c t i v e n e s s  of  f l a r e  a c t i o n  upon t h e  ionosphere 

is e s s e n t i a l l y  dependent upon t h e  c l a s s  of f l a r e .  A t  t he  same t ime,  t h e  
f l a r e s  occur r ing  a t  the  edge of t h e  s o l a r  d i s k  (even on the  l imb i t s e l f ) ,  

may be accompanied by ra ther  n o t i c e a b l e  e f f e c t s  i n  the  ionosphere.  

Some works c 4 -  61 point out  also t h a t  i n  some cases  sudden d i s -  
t u rbances  are observed i n  t he  ionosphere a t  t i r e s  when t h e r e  are no 

f l a r e s  on the Sun's disk.  The exp lana t ion  of t h e s e  phenoniena is b e s e t  

w i t h  g r e a t  d u f f i c u l t i e s .  N. P. Barabashev and I. V. Gordon [51 e x p l a i n  

t h e  causes  of  e f f e c t  occurrence without  f l a r e s  by t h e  e x i s t e n c e  i n  t h e  

Sun's d i s k  of t h e  so -ca l l ed  i n v i s i b l e  e r u p t i o n s ,  which a r e  not  a t t ended  

by t h e  appearance of  v i s i b l e  @ow, a l though they a r e  endowed w i t h  

a s i g n i f i c a n t  g e o a c t i v i t g .  On t h e  o t h e r  hand, G. Msstus and M.VJoodL63 
have r evea led ,  w n i l e  cons ider ing  t h e  same ques t ion ,  t h a t  n e a r l y  of t h e  

e f i e c t s  observed by them were l i n k e d  w i t h  man i fe s t a t ions  of a c t i v i t y  i n  

t h e  H, l i n e ,  a l though they  were not  a t t ended  by flares. Then, i t  fo l lows  

from ["I, t h a t  SID may a l s o  be condi t ioned  by f l a r e s  occur r inq  behind 

t h e  l i m b  of t h e  s o l a r  disk.  

As may be seen  from t he  above r e f e r e n c e s ,  two d i f f e r e n t  viewpoints  

emerge i n  t h e  exp lana t ion  of e f f e c t s  no t  a t t ended  by v i s i b l e  f lares i n  

t h e  s o l a r  d i sk .  As t o  which  of t h e  proposed hypotheses  is most accept-  

able t o  e x p l a i n  t h e s e  e f f e c t s ,  is st i l l  d i f f i c u l t  t o  say. 

The s tudy  of t h e  ques t ion  of SID occurrence a t  t imes when no 
f lares  a r e  p re sen t  i n  the  v i s i b l e  p a r t  of t he  Sun may provide informa- 

t i o n s  concerning t h e  gene ra t ion  mechanism of X-ray e m i s ~ i o n ,  which, in 
its t u r n  w i l l  c o n s t i t u t e  an undoubtful  i n t e r e s t  a t  i n v e s t i g a t i o n  of the  

n a t u r e  of  t h e  f l a r e s  themselves. Obviously,  one of t h e  most impor tan t  

problems i s  then t h e  de te rmina t ion  of t h e  n e t u r e  of  sou rces  of i o n i z i n g  

r a d i a t i o n  i n  t h e  Sun, r e spons ib l e  f o r  t h e s e  S I D .  

1. - R e g i s t r a t i o n s  o f  t h e  i n t e g r a l  i n t e n s i t y  of atmospherics  

in t h e  13 - 42 MC band were used as i n d i c a t o r s  of  SID C8, 93 . The 

behavior  of  a tmospherics  during s o l a r  f lares is c h a r a c t e r i z e d  by a gene- 

r d l y  fsster i n c r e a s e  i n  t h e i r  i n t e n s i t y  and a r e l a t i v e l y  s low r e t u r n  

t o  normal l e v e l .  

* 



3.  

All t h e  e f f e c t s ,  analogus t o  60lar f l a r e s  were s o r t e d  accord- 

ing t o  a tmospherics '  r e g i s t r a t i o n s  du r ing  t h e  y e a r  of 1959. About 250 
such  e f f e c t s  were s o r t e d ,  the  overwhelming mqjo r i ty  of  which were w e l l  
i d e n t i f i e d  i n  time wi th  t h e  r e s p e c t i v e  s o l a r  f l a r e s .  Data on flares 
were borrowed from C l O  - 161, encompassing t h e  r e s u l t s  o f  world obser- 

v a t i o n s  . 
However, f o r  18 e f f e c t s  i r ,  a tmospherics ,  t h e r e  were no cor res -  

ponding f lares ,  a l tkough according t o  data from [ lo ,  11 and 133, no 
obse rva t ions  of t he  Sun were conducted a t  t heee  moments. Becauze of  

u n c e r t a i n t y  stelim.ing from various causes ,  a s e r i e s  of  e f f e c t s  were 

excluded from cons ide ra t ion .  

L e t  u s  no te  t h a t  t he  e f f e c t s  without v i s i b l e  f l a r e s  i n  t h e  Sun's 

disk  o f f e r  no s p e c i f i c  c h a r a c t e r i s t i c 6  d i f f e r e n t i a t i n g  them irom the  

e f f e c t s  of usual flares. Nearly 60 pe rcen t  of  t he  e f f e c t s  cons idered  

ag ree  w e l l  w i th  t h e  data brought o u t  i n  c13, 1 7 1 ,  and i n  15 cases ,  

s a y  83%, unusual phenomena i n  Sun ' s  r a d i o  emiss ion  were observed s i m u l -  
t aneouely .  I f  t h e r e  were at  these moments, or at  l e a s t  at time o f  some 
most p o r e r f u l  e f f e c t s ,  any f l a r e s  i n  the  s o l a r  d i s k ,  they  mould have 

been unquest ionably not iced .  

Consequently, t h e  man i fe s t a t ion  of  SID, s i m i l a r  t o  e f f e c t s  of 
s o l a r  f l a r e s ,  took p l ace  i n  r e a l i t y  a t  t i m e  of absence of f lares  i n  t h e  

Sun's disk.  

2.- If f la res  were absen t  i n  t h e  v i s i b l e  part of t h e  Sun, 
w i th  SID be ing  observed i n  s p i t e  o f  i t ,  t h e  assumption of t h e  e x i s t e n c e  

i n  the Sun's d i s k  of  some sources  of X-radiat ion,  seemingly d i s t i n c t  

from t h e  usual s o l a r  f l a r e s ,  becomes n a t u r a l .  

I n  o rde r  t o  s t u d y  these  6ources ,  t h e  e f f e c t s ,  n o t  a t t ended  by 

f l a r e s ,  were compared w i t h  t h e  d a t a  on r ap id  p rocesses  i n  t h e  Sun 

[ll, 183. The r e su l t s  of comparison have shown t h a t  i n  13 cases  fast 
p rocesses  of b r i g h t - e j e c t i o n  type  a t  the  edge o f  t h e  d i s k  o r  of a c t i v e  

prominences accompanied t h e  e f f e c t s  i n  a tmospherics  i n  t i m e  (w i th  a 
specific s h i f t ) .  The former were absen t  i n  f i v e  cases .  
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To asaert r e l i a b l y  t h a t  they were r e a l l y  absent  i n  t h e  Sun is d i f f i c u l t .  

It i s  i n t e r e s t i n g  t o  note  however, t h a t  t h r e e  case8 of  absence of unwsual 

phenomena i n  radio emission correspond p r e c i s e l y  t o  those  e f f e c t s  which 

are not a t tended  by r ap id  processes ,  

It w a s  p o s s i b l e  t o  c o r r e l a t e  all f a s t  p rocesses  with the  a c t i v e  

groups i n  the  Sun c121, which a t  these  molnents w e r e  s i t u a t e d  e i t h e r  

on the  l imb of t n e  Sun or b-.r 10  t o  15 degrees  behind i t  (ascending  o r  

deecending).  The groups' 

t h e  b a s i s  of coord ina tes  oi f l a r e s  occur r ing  i n  t hese  groups a t  t i m e  o f  

t he i r  paEsing through t h e  &is:< of the  6un. IbIost s t r i k i n g  is t h e  f a c t  

t h a t  t h e  coord ina te s  of f a s t  processes  a r e  i n  c lose  correEpondence with 

t h e  coord ina tes  of t h e  i d e n t i f i e d  a c t i v e  groups. This  unquest ionably 

p o i n t s  t o  the  f a c t  t h a t  a l l  the  considered fast  processes  are d e f i n i t e l y  

l i n k e d  with t h e  developnent of t hese  groups and condi t ioned by them. 

Nearly all t h e  groups r e s u l t e d  f a i r l y  a c t i v e ,  and a t  time of t h e i r  

p a s s i n g  by t h e  d i s k  of t h e  Sun numerous powerful f la res  occurred i n  

them as a rule. 

Tos i t ions  were determined approximately on 

The developnent i n  t i n e  of f a s t  p rocesses  i n  sone cases e i t h e r  

o u t s t r i p s  or falls behind the  t i m e  of  development of t h e s e  e f f e c t s ,  

i . e .  no d e t a i l e d  correspondence i n  t h e  developnent time between these  

two phenomena is observed. Therefore  i t  cannot be es t imated ,  t h a t  t h e  

fast  processes  themselves are d i r e c t l y  t h e  sources  of X-ray emission 

r e spons ib l e  fo r  t h e  observed e f f e c t s .  

However, fa . s t  processes  occur  ~ E S  a rule a t  t i m e  of s o l a r  flares. 

Consequently,  t he  p o s s i b i l i t y  i s  n o t  excluded t h a t  t h e  observed fas t  

p rocesses  owe t h e i r  o r i g i n  t o  f lares  having occurred in t h e s e  a c t i v e  

groups. It i s  p o s s i b l e  t o  assume on t h e  b a s i s  of t h i s ,  t h a t  t h e  consi-  

dered  ionosphe r i c  e f f e c t s  are apparent ly  due t o  solar f lares  that  occur- 
r e d  i n  t h e  i n v i s i b l e  s i d e  of the  Sun. 

As t o  t h e  e f f e c t s  not accompanied by f a s t  p rocesses ,  they  are 
just t h e  same i d e n t i f i e d  rPith t h e  a c t i v e  groups s i t u a t e d ,  as for t h e  

cases with fas t  processes ,  e i t h e r  on the  l ictb i t s e l f  or somewhat behind. 
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It is ev iden t  t h a t  i n  t h i s  case a l s o  i t  is most , j u s t i f i e d  t o  apply t h e  

hypo thes i s  of f l a r e  occurrence i n  t hese  groups f o r  t h e  exp lana t ion  of 
ionosphere  e f f e c t s .  

T A B L E  

IONOSPHERE EFFXCTS AND PHENOMENA IN THE SUN ATTENDING THEM 

(The time i s  Moscow) 

DATA 

FOR 

1959 

14.1' 
08.11 
15.11 

05.111 
10.111 
14.111 

18.V 
W.VI 

'14. VITI 
15. VI1 I 

&.IX 
09.x 
09. X 
30. x 
(11. XI 
M . X I  
09.XII  
29. XI1 

E f f e c t s  

on t h e  

Atmosghe- 

rics 
~ 

13h10m-13h48m 
12 21 --12 47 
14 20 &I4 a5 

9 00 -10 00' 

io 19 4 0  30 
a 2 4  -930  

7 0 4  - 7 4 0  
1942  -2040 

1.1 55 4 2  40 
9 i i  --Io 60 

1330 -14 05 
11 00 -12 15 
12 40 -'I3 40 
13 10 -14lO 
15 30 -45 40 
IO 05 -io 35 
I1 34 -12 15 
12 30 -13 15 

I 
r n l '  
c 0 .I c .d I 
5 - 1  Ca @.I 

k !  

+ + 
-t 

+ 
-t + 
-I- + 
+ + 
+ - 
- 
+ + + 
+ 
- 

FAST PROCESSES 

I 
comm 1 end 

1 
12h45m- 

14 05 4 4  1.4 
14 54 -15 13 
9f5 - 9 2 8  
9 0 0  -940 

to 39 -1i oi 

iz 00 -12h20m 

- 
20'09 -eo 22 
20 20 - 
9 0 5  - 

.10'06 - 
t 5 0 4  - * 

* 
11 IO - , i a a *  

- 
i235  - * 

10 15 -10 41 

13 19 --15 30. 

- 
- 

:oord 

18N 90W 
2 4 N  WE 
8 N  W E  

21N 90E 
20N 90W 
i8N 9OE 

30N 90W 

18N WE 
15N 90E 
39N 9oW 

7N 90W 
r105 90w 

m w  

- 

- 
- 

2N WIW 

4s 90W 
- 

3CS - i  9OE 

Coordinates 
of t h e  

i d e n t i f i e d  
a c t i v e  
grouns 

18N 90W 
10N 92E 
i 6 N  WE 

20N 9ow 
I i N  1OOE 

WN IOOW 
16s Q2W 
i7N WE' 

5 N  BOW 
5N 1oow 

4N 105W 
10s 95E 
iOS95E 
15s IOOW 
-8N 05W 
5 N  90W 
7N iO5W 
28s WE 

* This der?ctat ion indicates active-prominence type processes .  
I n  t h e  remainin? cases  all f a s t  p r o c e s s e s -  are of t h e  b r igh t -  
e j e c t i o n  type  a t  t h e  edge of t h e  d isk .  
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The a s s e r t i o n  of t he  p o s s i b i l i t y  o f  s o l a r  f l a r e  e f f e c t  on t h e  

ionosphere when these  occur  behind t h e  l imb  of the  d i s k  a9rees  we l l  

wi th  C71 and is also corrobora ted  by t h e  r e s u l t s  ob ta ined  i n  C193. I n  
t h i s  connect ion i t  is i n t e r e s t i n g  t o  p o i n t  t o  the  event  of 20 November 

1960 descr ibed  i n  c20, 211. Powerful geophysical  e f f e c t s  were observed 

on t h a t  day. The f lare  r e spons ib l e  f o r  t h e s e  e f f e c t s  occured i n  t h e  

a c t i v e  group s i t u a t e d  behind the solar d i s k ' s  l imb. Its coord ina te€  were 

r F s p e c t i v e l y  determined as 253, 113W c211. The man i fe s t a t ion  of t h e  

f l a r e  on t he  Sun's d i s k  took p l ace  as follows: A s m a l l  h i l l  appeared on 

t h e  d i s k  a t1955  h.UT, which beran to develop at  2O32hre :  on r each ing  a 
h e i g h t  near  3 10 5 km i t  d i s i n t e ~ r a t e d  and Pant ou t .  Loop-shaped promi- 

nences appeared a t  21  17 h r s .  The ionosphere e f f e c t  on atmospherics  was 

r e s p e c t i v e l y  observed a t  t h e  fol lowing times: commencement at 2023 h., 

m a x i m u m  at 20 41 h . ,  and t h e  end at 21 40 hours. 

The au tho r s  of r e fe rence  E21) e s t i m a t e  t h a t  t h e  aDpearance of 
ionosphere  e f f e c t s  is d i r e c t l y  due t o  flare phenomena observed at t h e  

;r d i s k ' s  l i m b  However, such a s s e r t i o n h h a r d l y  v a l i d ,  s i n c e  t h e  comparison 

o f  t h e  temgral  course  of t h e  e f f e c t  i n  a tmospherics  with t h e  development 

of t h e  observed processes  on the  d i s k  is b e s e t  with g r e a t  d i f f i c u l t i e s .  

It is most l i ke ly  t h a t  the  ioaosphere e f f e c t s  a r e  a l s o  condi t ioned by 

t h e  development of  t h e  "basic"  f l a r e ,  which would have been behind t h e  

l i m b ,  while t he  observed phenomena were only  processes  a t t e n d i n g  t h a t  

f l a r e .  That is why t he  f l a r e  of  20 Elovember may s e r v e  a8 a c l e a r  proof 

f o r  t h e  co r robora t ion  of  t h e  hypothes is  on the  p o s s i b i l i t y  of  a c t i o n  upon 

t h e  ionosphere of f l a r e s  occur r ing  behind t h e  l imb of  t h e  s o l a r  d i sk .  

3. - N a t u r a l l y ,  t h e  pos i t ions  of a c t i v e  r eg ions  compiled i n  t h e  

T a b l e  of t h e  precediny page do not  correspond t o  p r e c i s e  coord ina te s  

of t h e  aEsumed f l a r e s ,  f o r  i n  t h e  oppos i t e  case for l imb groups t hey  

would have been no t i ced .  All t h e  groups were of g r e a t  ex tens ion  and i t  
is t h u s  p o s s i b l e  t h a t  t he  f l a r e s  occurred i n  those  p a r t e  which s t r e t c h e d  

somewhat f a r t h e r  f r o m  t h e  v i s i b l e  edge of t h e  d isk .  



. 
" 

7. 

I f  t h e  f l a r e s  occurred a t  a maximum d i s t a n c e  of 15' from the  

edge o f  the  d i s k ,  ?.E t h i s  follows from t h e  Table ,  t he  r a d i a l  h e i g h t  of 
t h e  region &ove the  photosphere, which must  be observed from t h e  Ea r th ,  

w i l l  be n e a r  20000 km. A.R.Severnyg and E ,  F. Shaposhnikova have 

shown c221, 
t e n s  of  thousand k i lome te r s ,  Thus t h e  a c t i o n  o f  t r ans l imba l  f l a r e s  on 

t h e  ionosDhere may appa ren t ly  be explzined by a posF;ible e ~ r e s s  of 
X-ray r a d i a t i o n  from t h e  f l a r e  r eq ion  through t h e  mass of t h e  upper 

chromosphere. However, it is not  excluded e i t h e r ,  t h a t  t he  formation 

o f  X-ray r a d i a t i o n  of f l a r e s  may occur  s imultaneously somewhat above 

t h e i r  glow i n  t h e  line H,. 

t h a t  t he  reg ion  o f  f l a re  development may spread  t o  s e v e r a l  

It is  doubt less  t h a t  t h e  hypothes is  of the  ex i s t ence  i n  the 

d i s k  of t h e  Sun of 11invi6ible11 e r u p t i o n s  o f f e r 6  a Treat  i n t e r e s t .  Howe- 

ver,  a t  p re sen t  we have no b a s i s  t o  admit i t  f o r  t he  explana t ion  of t h e  

above-considered e f f e t s ,  while t h e  arguments brought up i n  L51 are 
h a r d l y  e n t i r e l y  acceptab le  , 

Addi t iona l  investigations are necessary for a more complete 

and f i n a l  s o l u t i o n  of t h i s  quest ion,  

T rans l a t ed  by ANDRE L. BRICHANT 
under Cont rac t  No. NAS-5- 2078 
20 Movember 1963 
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